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 Jetson (GPU, Nvidiatt)

— A ClE, IoTEIFIC
Jetson nano W&EIZUJE.

« PYNQ (SoC, Xilinxtt)

_ BNN-PYNQ (FINN) & &6(Z,
PythonZz FHUL\C
FIEE(CDNNMNTEB.

— Weight ¥° Activation %z
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» FPGAMIIFTHDLDERET (FEFIENELIZE,
BRRIZ T L — LD —DOHHAF - ﬁ-ﬁ%éﬂfb\ﬁ.

— GUINNESS (GUI based Nerural Network)

« T K HREESICKDTHESNTLS.
- Weight / Activation (& 1bit (CEF LN 3.
e https://github.com/HirokiNakahara/GUINNESS

— BNN-PYNQ
e Xilinxt(t(CKo> THFEESNTL\D.
- Weight / Activation (& 1bit E/z(d 2bit (CEF LN B.
 https://github.com/Xilinx/BNN-PYNQ

- SO, LUT-NetworkZfE> THLD |
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LUT-Network FDIRIE BinaryBrain

« BinaryBrain & (&
— X K (@Ryuz88) (CKBD LUT(Look-up Table)-
NetworkFHDFE - #EmZITDIRIR
— (21E{L72DT, BEDEZ(IFEHE LU TR
o FFEH
- )\AFUAD - ZELS
- Z—a1—3I)LFRY DO —TDFPGA1L
— J\AFURY MM ZERTIT(C K D [ElFDHrh el ge
— MBOEXRMLUTOETILICED, ERICES
— C++ CEtik
_ GPU(CUDA)(C3tS
— BIRMNDEVNI Y — RIRFPGA Otz L — A & ARk
- MNISTO 78tk
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—a—0O> ZfESH LUT ZESH
e ZTa—0O2TIE, B = WXy + WoXs + - + WX,

o LUTIX, HEDAD/I\SY—2C/UTCEIDITSNIZ

HOERZEEI TS
Primitive: 6-Input Lookup Table with General Output
X 15 LUT6

o

I} LUTS

12
W : :
1 10
Attributes
INIT «0000000000000000

6-Input Look-Up Table

%‘ “ 4l s
X2 % ol [T—
3 12 m
X3 — :

Xn
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FPGAMRIIFDNNMD T O— LUT-Network o> _J 01—

FukD—5EE kD — S E R

YT —7
Zlll%&E (Tensorflow=F)
Al $RFHINTA—H
HLSAMDI—RA R
V—X:—P

Zlll%& (BinaryBrain)

RTL (behavior) | RTL (netlist)
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B=000101 1100
- 1OHIREIEUI2[EITHDDT, 0.4=%KT.
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« Github 75 clone 9%
— https://github.com/ryuz/BinaryBrain
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« JZI2U, SEERUZRIEN RTX2080TiT,
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FEOERT (1/2)

[stochasticLut6]
input shape : {3, 3, output shape : {256}

[stochasticLut6]
input shape : {256} output shape : {64}

[convolutionco12Im]
input shape : {64} output shape : {8, 8, 64}

[stochasticMaxPooling2x2]
filter size : (2, 2)
input shape : {8, 8, 64} output shape : {4, 4, 64}

[stochasticLut6]
input shape : {4, 4, 64} output shape : {1024}

[stochasticLut6]
input shape : {1024} output shape :

[stochasticLut6]
shape : {360} output shape :

[stochasticLut6]
shape : {60} output shape :

fitting start : MnistStochasticLutCnn
[4% (2880/60000)] Toss : 2.177 accuracy : 0.269792
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FEOERT (2/2)

start

.93s
.225
.50s
.675s
.93s
3.10s
.35s
.51s
end

epoch[
epoch[
epoch[
epoch[

Ryota Yamamoto

1]
2]
3]
4]
5]
6]
7]
8]

test
Test
Test
test
Test
test
test
Test

; Mn15tStDchast1cLutcnn
epoch[
epoch[
epoch[
epoch[

accuracy .
accuracy .
daccuracy .
accuracy .
accuracy .
accuracy .
accuracy .
dccuracy .

COO0O0OO0OO0O0OO0O

accuracy .
accuracy .
accuracy .
accuracy .
accuracy .
dccuracy .
accuracy .
dccuracy :

OCOO0OO0OO0OO0OO0OO0
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« EEE7H1DILDHFT, LUTIERZZL 118214E

Utilization Fost-Synthesis | Post-implementation
Graph | Table
LUT 20%
LUTRAM {0 5%
FF 15%
A e Utilization FPost-Synthesis | Postmplementation
DSP 0 4%
10 32% Graph | Table
BUFG %
MMCM - 50% Resource Utilization Available Utilization %
S N R LuUT 10858 53200 20.41
0 25 50 LUTRAM 833 17400 479
Utilization (%) FF 16236 106400 15.26
BRAM 54 140 3857
DsP 9 220 409
10 40 125 32.00
BUFG 10 32 31.25
MMCHM 2 4 50.00

Ryota Yamamoto
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« 2019 IEEE 9th International Conference on
Consumer Electronics (ICCE-Berlin)

— Sep. 8-11

« Fast and Light-weight Binarized Neural Network
Implemented in an FPGA using LUT-based Signal
Processing and its Time-domain Extension for
Multi-bit Processing

« Ryuji Fuchikami ((Personal), Japan); Fumio Issiki
(Finekit, Japan)

« https://edas.info/p25749#51569571697
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